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(54) NITRIDE SEMICONDUCTOR LIGHT-EMITTING ELEMENT AND OPTICAL DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a nitride 
semiconductor light-emitting element having little color 
blur of luminescence and high luminous efficiency. 
SOLUTION: The nitride semiconductor light-emitting 
element contains a luminescent layer 106, having a 
quantum well structure made up of alternately laminated 
quantum well layers and barrier layers. The quantum well 
layer consists of a nitride semiconductor which includes 
at least In. The barrier layer consists of the nitride 
semiconductor layer which includes at least As, P or Sb. 
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N7 7 y^Pi±m 1035:40 n m<Dj? * (CfifeS 
5 0 St/*fiit«£ 1 0 5 O^idiJf T, I I I 8l7C* 
WAlfflBfiHTTMAl (h y ^f/UT/^;^') 
A) £*IJffl LTJ?£ 0. 8nm(OniAl 0 .iGa 0 .9N 
^ 7 y KJB 1 0 4 (Si ^F^t)^^ : 1 X 1 0 18 / c m 
3 ) «r^«$-fr, a^tniGa NftT^ KB 1 0 5 



(4) 



2002-100838 



( S i ^£6t>Sg : 1 X 1 0 18 / c m 3 ) £ 0 . 1 ju m 

[0 0 19] %<0'&. £fiia«#8 0 O'tiCTtf btls 
|^8nmWGaNo. 99 Po. OlP$^<7)lfSc t& £ 4 n 
m(DI n 0 . 18G a o. 82N#FHWftflct ^XSIwglH * 
*tfc*aS^#F«5a«r#i-6«*JB 1 0 6 SrJg*1" 

loWB-Ctt, $8ft/3 l 0 6M1BT«IT 
^IBT^Tt §MW#FIil^ t L, 3/3 (3J5 
ffl) ^fi^FBSr^Az-CV^o :Ha,fe<0»»S£#F 

m<of&&<om\a*. %tib<nffi$f& 1 x 1 o 1 V c m 3 jo 
fc e #*5> »«B^#FJi^«^M*fcii#FHfc« 

ae^fifcs^mtc, i ?m±x- 1 8 o WTwMti 

fflffl£#ALTfc<fci\, - Senior, 
*#FB<o¥JStt#|fi]±u **¥{6«£'h£< -fa- 
ir #-0#S. 

[0020] «*e i o 6 ^ffM Lfcaici*, mm&m 

Xfl 0 5 OttT'#Ilt> 1?$2 0 nm^piA 1 
0. 2G ao.8NffiSSB 1 0 7. 0. In m<7)p^G a 

Njt^ KBl 0 8 X if S 0. 5/im(DpfAl 0 .iG 20 
ao.9N^7yKHl09, *3«fctW$0. I a m<n p 
iGaN^y^^ hfll 1 OSrlS&fifcS^-frSo **3. 
pSWHWfc LTtt, EtCP 2 Mg (t'^Ji^yuV^ 
p-<>^ ^x^7^->^) ^fljffl LT 5 X 1 0 19 
-2X1 0 2 Vc m 3 (D^T*Mg/^^0£;h4#<5 o 
[0021] piGaN^nFill 0tC*5Jt5 P 

'&^X$ i ibbtiZ>Zk1>W'£L\<\ P^m 

[0022] P iGaN^>^Fil 1 OO^c^^, 
MO C V D» !i 7 ^ rtOiifZ ^Il^r t U T# 

T$-fr6o £«*a£#8 0 0°Ctc(g:TL^^T'NH3 
tf>#MS£fM:U *tf>8 0 0^*>£«©*&5:»ft1»» 

*S«<o««Fiasti6 5 o°Cfrb 9 o ot^fflft-t-fc 

-ea>ftai»£ii, 3 0t/»a±"C*)5:tWL 

[0023] c i LXBf&£titLf&&m<nitm*y-*> 

*iJffl$nTv^pS!ibr^-^S:tT4^ft<Tt, jSS 
a«(c*3V>raicpS<0»ttS:^L-CV^ 0 pg 
8^1 1 2 £Jg/SLfc ^(7):n>*? htgfex^{S 

gU^t ztilz P IHfcT~-/i'£jSffl-f*itf, £b 
mm g <nf£mtm#fa±.i-Z>o 50 



[0 0 2 4] ftd, MOCVDgE^b^lillfcxt^ 

-fe^Ko^TRW-fSo 
[0 0 2 5] £1% Rj£tt>f 7h>3iy^V^8nS:ffl^ 
tn|GaN3>^ hi 1 0 2 <7)— §|53ri§ffl £-t*\ * 
<7)gltiJgfl#±{CH f /AuORB«>SlJS*^*S n^m^ 
lll*:»at5. :©nSt8i l l LT 
fi. Ti/AK Ti/Mo 4 H f / A 1 ft £*eDgIjg £ 

-frsffi ioo ^< i-ioo >*r[fi](c^oT^ h7^f 

^tttCiyf-y^frfTftV^, S i02M*Rl 1 3£ 
38* U piGaN^y^ 1 1 0 £r!il£ij£-£, P 
d/AuOlS#^lflJB£2S*U :HtS2/im(^!) 

S«ffi<&*t»fc LTIi, Ni/Au. JfcliPd/Mo 

[0 0 2 6] ftSlc, »BB*fcli K7>f 3iy^v^*r#iJ 
fflLT, *figft^5 0 0 MmO7r^y -^n-^tg 

^7— igffitt, If 7 r^TffiS com® <h--ik-f£ J: 5fc 
(H2#RB) o Wil/-fW©fy^ 
»JH, H2f©Wl2A , 4 2BIC»oT»K«*»e>** 
7^'<Srffl^Tf?*;Wxa. c 9-f S^icJzoT, u- 

[0 0 2 7] 4*5, i^— !f*«»<o»ajsfei Ltfi, y 

B DBR (M^7^) S4iffc 

[0 0 2 8] 7r^y -<o-*fiS(0^7-Si^ 
iSLfcfclCtt, ^(D^y-^ffiiCS i 0 2 <tT i o 2 <oi£ 

tt, S i 0 2 /A 1 2 0 3 ^^@i^fflV^C i 

[0 0 2 9] /j!^ n^G a N =1 V^^ hi! 1 0 2©- 

fti^t7r^7lffil 0 0^«ffl$nt^5*»f)t? 

LfcaSoT, GaNl^^/:liS iClS«J:9 
3SWtttt«r*-r5*«*:«[ffl'fa»*^tt % niGaN 
H 1 0 2 0)-«*:Bai**5^Stt4< , ^cnmm&m 

**B, ^<i:t/^c7)n^lS(7)n(c^ H B a ^$-eTt>J: 
[0030] ycic, iaoi^i^-wt-Kfi/ 



7 

±5Sw«t 5ft»*JH*r*tf i^— fit 4*- YtMKOWSL 
S:*^LTi«*«ESffl*r>f ^^twaLfc«*fe (ft 
I410nm) Oi^Hi^) (5 0mW) U-f tltffl^ 
feixa»£\ ^7r-<rS«ttJRfi»*dSiS:^OT\ fit 
JR»«fcaft*rtt*>ft»t*ttfftb4vs fc£;Ltf, In 

/j!<t, Si, A 1 N, ^-C^r^y K, Mo, CuW, 
BN, Cu, Au, F e4^>&#fcf»£W*£W1-S 

[0031] te*. m&m^m^s i ess, aft* 

*SJ#S« (t^tfGaNlfi) > £fcfiGaNJ?K 
££S (fc t *.« B 1 4 {CtfI-^K 1 4 0 0 <7>}Ig& 1 4 

It5^-Ctt4< TS i , A I N, ^n^K, Mo, 
CuW, BN, Cu, Au, Fe/i^tT'v^h^ 

[0 0 3 2] iU±(Oj: «*B*<DWMBfc:A 

*V KSrflsfH" 5 r £ #-C# 6 0 
[0 0 3 3] ±SE<ojt*«ou-1fy>r*- Kic 

5 0 

[0 0 3 4] I n*£tfSfc;ft*&(* (fc^K-tf, In 
GaN) ^bft6#FeS:*iJfflt-C»**^S:^«i-6 
»g\ *»JEo<t9tii, I n £^irS{fc*¥g*ii{fc^« 

^-t<, «*a*WttT©JIRHt4So Lfc^oT, I 
n fc^tfafc**»*»FJBO»ftttS:ak»i-5 C t \Z 

ho 

[0 0 3 5]^:t\ *«Wffc*>ll, In£^fr#F 

(CtoTl nIfB±^88 (««) 1"5C^355^@tc 
n££ir«fc%¥»ft#FJBtc£L-C. '>*< £ 

Mi, v^tc»onJ:9 tJg^*Sw*#*I3]K<OA 



(5) 4SBB2 0 0 2 - 1 0 0 8 3 8 

S 

[0 0 3 6] CCT\ GaN^fclil nGa N<7>^fb$> 
*3J**(ONl^-MAs, P, *fcliSbT-tB» 
L/cGaNAs, GaNP, GaNSb, InGaNA 
s, InGaNP, Ifcli I nGa NS b(OSSI:^^ 

^*ft*^:N*#*<D^Kv^fi:*** (HSSMttftit) £ 
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FB^fflv>?,n»5o -n^w#FH-Cfi, InirAI 

has, p, £fct*s b*£#i-attfc»¥*{MM 

Jg^LTIi, I«:il/;ailGaNAs, InG 
aNAs, AlGaNAs, InAlGaNAsft^O 
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o>#F®^«*f^ffl^i:^<45^b-e*>5o ifc, 
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[0 0 3 9] H 3(1, «#JB (^Sfl^tfFSii) \^ 

£ 1 ^ - y >f K K *5 it 6 u~ if L # V MiMSE* 
SfcSfrL-CV^o Aftlfl, If? r Tgfchlc 
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£6£%;t6ft<5o #*fflfcJ:5**JiK*S*iaJI : F 
V^fiSSIE^S^ 1 0 k A/c m 2 <£ 9fi< iot, 

^c(l 2 H£*±-C 5 IHT-CikS £ £ LV\> 
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[0050] an uiisivc, offltt#*L^#FJl£i» 

fi, SjM&¥3Hfc#FJi<!: IT, InGaNJSi^In 
AlGaN©#Fidi»iL<fflV^iX#5 0 ^tV^CO 
#FStt, I n^A lo^*S:*jg{t-rs^t^J:o 

A 1 Sr^tf»-&.-fi, ^(D A 1 <7)Sl£ttWi*^i:3e^ 
A 1 &^fr»&fcfi, k=¥* 

SrfiSfc-f I n G a N^F/B^ftteHli InAIGaN 
#FBKJt^TJE£l^tf>"C\ I nGaN^FitOMJ; 1 !) 
ff*Ll\ ffli*. a{k»*»ff»SJB4LTtt, GaN 
As, InGaNAs, AIGaNAs, InAlGa 



(7) #12 0 0 2- 1 0 0 8 3 8 
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na s t£¥&m^hti%z>. ztib(DmMm^^^x^ 

AsWW< £ t-»jftsp*fc«±/*5j:t5S b#E&£ 
*LT*>J;l\> fcfc'ts 3^^)GaNAs^47C^I 
nG a N A s £ fclCfiA 1 G a NA s & i?<OttSBl*, 
I n A t G a NA s ft £*tf> 5 TC^^KH^I-lt^rWa 

[0051] (ni6«3) n»w3(-fcv>-c«, mmm 

fetes b<Dtt&&n*\z£z_bin1z 0 

JO [0 0 5 2] |7it GaNAs BSJ!4><7> V8i5c*fc: 
fcttSA sOttet!:, #FJHd*3ttS I nOffi^Rt (fi 

m#M) <Dm&k<Df&%**isX\,^ 0 zzx\ #fh 

»ffi« + tf>V&7G*l;:*3tf£A sCOfij^ ($^r*) 
^2 0%SrjB^Jxtf, A*tc#FJltc*3«tS I nCO^g 

ibn^o As(7>£W*a J *#<ft*ltfGaNAs*£i§^* 

*0 N^#*Oi«i ****** N^W^co(g;^5:^ B B B^ (M 

ffi«a«;*®) ^^^ 0 B B ^^8i^^LTL^ ?<ox% n^ 

^ A* H * fc H B a £ 6 £ * l£&0 L X £ < <z> JSfi 
& B B B&#^i'l^*:£ < fttitf^FJi^eNdsaJt^-r 

i-5fci6{c«, IWMJcfcttSA s^*^£2 0%UT 
30 {C-fZ&m&hZa 4*3. #FJH£:fctt£ I n<7>$l£# 
5 %£lTt?fc 5 r i iSff 4 L < , 2%£kTX 

[0 0 5 3] 18 km9\Z.jjk£tlX\<*Z> X 0 A s <D 
ft *> >9 I £ P * fc It S b £ mm L fc t£ t IpJ « ft & 

[0054] 11011 GaNAs PSH S t£ & 5 A s 
co^qfi (K-7 0 !:) ^#F^l£*5it6 I ncota^SI 

^n^i^lc, WSBtcfcttS A s co k— ^ftds l x l 

0 18 / c m 2 ^T<Dk #ICliA s ^N «t «9 t>*# ftlS^ 
*a«r*i"-5w^:(c:fiH-rs#FB^e>WNfe»t*:tt)#J 
■rs»**s#f>it1', #Firtl:*5^r i nummz 

vx®m#m#±czzkzm\xzx\,^^zk&t> 

50 ^5. Lfl^ox, RESiBl£*5St6A sWXM* 
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tti^ZitZtzMZl*. ^CQ K— T'fitt 1 X 1 0 18 /c m 

x i o 19 / c m 3 wr^^ : <!: ^ $ ti, Sbco 
%M&k LTlii x i o 17 /cm 3 WK^5:<h^ 

^££ft6o As, P, SfcliS bOH^"f*lfcl» 

»Blc**Lfc»'&i;::te^Tfc, #FHJ-*5*t5 I n(D 

[0055] (H;S#J4) Hi 3lc^£ftfcH86#|4l;: 

(Dftfc*) LXCm ( {0 0 0 1} ffi) 5 

niGaNffil 3 0 0^fflV^6tl/:c GaNlM 
GaN^y7rIl0 1^BSLtniGa 
Ni 1 0 2 ^IgG a Nlgll^g ^ t «t l\ L 

&fa)fcfeiCG a N^y77B 1 0 1 ZffiAirZjjfim 20 

[0 0 5 6] rtOHJS^j4T'linSG a NSftl 3 0 0 
£ffl^TV*5ff>T\ nililllllGaNSinO 
0(Z>8Il:Mt6C^^-C#5. GaNllli 

— flxlC 3 0 0// m7^£> 1 0 0 0 v rn^ii^C 

bz>zki>m*L\.\i\ 9-«aa5tt, g 3 ns 

Si 3 0 0(O {1-100} ilcSJtEt5J:5l3/SS 
*i£ 0 u~- tfS^Wffiir^y^Wli. iuiliO 

*tRj&sflM£*i"C 4> «fci^ - k hm o*Xkfa\ 
[0 0 5 7 ] t7r^7l«^^)l:G a Nl«?rffl 

Z^Cb^kfK. niAlGaN^77KHl04t 
P SAIGaN^7^Kil0 9roJ¥JS:*J<t6: 40 
£#T'£5 0 ff*U<tt, Cil^A 1 GaN^77 K 
JltfW^te, 0. 8-1. 0 u mCQffiSrtlCsfc^ft 

[0 0 5 8] IfcGaNlM^tgftFg^I 
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(®3#«0 a 

[0 0 5 9] fc*3 % *HtS«(Cfelt5*«;JStcB|-r€)-t 

^CWi^»t6fl K-A ^fcll#FSI-3 x 
1 0 18 / c m 3 WT^8Sw^fe^ttt 6 : kizx. 

[0 0 6 0] (H16W5) Hlfi«5tt. ^I^)t7 
r^rmfai 0 O&Bi 4(c^$tvfcSSl 4 0 0Ci 
^glx^C^^^^T, HtStfJi £fc(*^£S#j4 {ring 
-c*>* 0 ii4(Olgi 4 0 0ii, tS»fflB£ixfc«S 

«1 40 1, ^777@1 4 0 2, niG a NjR 1 4 0 
3. Rfi^JKl 404, ioit/niGa Nff 1 4 0 5 

[0 0 6 1 ] ^(DX 1 4 0 o<nfcWz&\<^x 

f±, ^f, ilSl4 0 1±l:MOCVD^aoT5 

5 o^coJtKWteflT^^y^rS i 4 o 2&mmi-Z>o 
*<d±\z, i 0 5 0t^l:^^rs i^K-t°y^ 

Lft#bff£ 1 *i m(7)nMG a NlRl 4 0 

[0 0 6 2] nSGaNRl 4 0 3^tf$ilfc^^ 
£MOCVDS£H*»fe8lfflU CVDS, 
£ ActeE BaR*jfe*5pJffl Lt»S#8 1 4 0 4 1 
OOnmCML, y V^7 7>f SMffll^^^S 
{MS 1 4 0 4 h 7*'**- VKAOXi* 

tl^o in^^hy^/finiGaNlUOSfTX 

fpj(7)< 11-20 >#ftl- 10m mGOj^gfjtfjt: 0 *;/^ 5 

[0063] * h ^cftixsn^ssafrK 

1 4 0 4 «^tlfc ^ x/n^H V P Eglf^l-t y h 
£tls 1 X 1 0 18 /c m 3 (DS i 3 5 0 n mCD^ 

^^tt^nlG a NffRl 4 0 5^1 000-1 1 0 

[0 0 6 4] nlGa Ngll 4 0 5^fM^Hfcf>x 
/MiHVPEK«a>fcttffi£*l, ^^±lc*ifeWi (H 

i#«o tm»<D\s-iry4*-h-&ifmztitL. tztz 

h7^7 P ^5>l A^D 14(O7-f>1410M4 

mu<nt%&kmmxh^tz 0 
[oo65] /^fc, m& 1 4 o o wii^-casffi i 

v^nr t> ztz, 1^140 o\t^<y yrE i 4 
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4ooit mufcrn 1404 aT^t^t^H«:flF*« 
f$ l -rzzt&x~z?> 0 ^ib\ lifiuoiit t — -t^ 

So 

[0 0 6 6] ±l5<7)Sffi 1 4 0 0 (T^i^&^T, «£ 
«1 4 0 1 £ Lttt, 0^77^(7, T-T 
T, Affit77^f7, R®t77^7, G a A s , Zn 
O, Mg O, 7s t°^/U, G e , Si, 6 H - S i C, 4 
H-SiC. 3 C- S i Cfe^^V^-ftLj&SfflV^ttT fc 
J:V\, /<y77ll 402i: LTtt, 4 5 0t;^e>6 0 
OV<Dltmmi&UX*J&$:£ J &b*htlGa Ni, A 1 N 
H, A 1 X G a i- x N (0 < x < 1 ) 1, £fcl± I n y G 
ai- y N (0<y^l) Mtolt^irtl&m^btlXbSi 
t\ nWG a NISI 4 0 3<DiXt>*) t LT, n§|Al z 
Gai- Z N (0<z<l) »*SfflV^n#5o Si«#BI 

1 4 0 4 <h IXIi, S i 0 2 J££s S i N x Hg, T i O 

n§jG a NffBtl 4 0 5<Oft:b9 £ LT, n|Al w G 

ai-wN (o<w^d &mx$><?xh&<s z<vmm 

12 2 0 v m&±.Xfotl&£\i\ 
[0 0 6 7] (HJ6«6) **«6tC*5^Ttt, HJfc^J 

n mifrtfJ KllOSip mutism KB 1 0 8 
GaNfM^TV^:^ *r*l b^G a Nl^IM 
^-W»As, P, IfcttS b(OV^-ftl^<07C*-C« 
ftSfttfc.fcV*. GaNi- x - y - z As x P y S 
b z (0 ^ x ^ 0 . 0 7 5. 0 ^ y ^ 0 . 1, 0 S z ^ 
0. 0 2 5. x + y+z>0) Ki^fflV^C 

[0 0 6 8] K^)A lGaN^y KI/GaNW 
T£$< 0 ffll*. AlGaN^77 KH ^GaNAs P 

s bpt^^ mtcom^(om^. as, p, itus 

b K¥+ y^fcJtS**^****^^ v 

[0 0 6 9] G a Ni-x- r zA s x P y S b 2 (O^x^ 
0. 0 7 5, O^y^O. 1, O^z^O. 0 2 5. x 
+ y + z>0) K®(CjB(tS®^tfc*lCg|L-C 

te, Z<D?ttf4 b-m&%ytfB t ¥<o»MfB\ztt'<x**/i' 
^<yK^t7^t<^SJ:9i:x, y. &J;tfz 
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«S*4 1 Onm) I^GaNi-xAsxW KJH 
<0®&\ZI*A s OffijjUt* x # 0 . 0 2£tT, GaN 
i-yP y 3feW KSO^t-liPOJfi^it^y #0. 0 3 
WT, ^LTGaNi- 2 Sb z WhW^:(j:Sb 
ojfifKJt* z # 0 . 0 l J^T(cp^$ti6 0 ftfc, CO 

<om&tmmxhz> 0 
[oo7o] (mmm 7 ) sasfl 7 

«*W4iaWrffiia (a) fc±BH (b) a^SftT^ 

[0 0 7 1] 115 (a) <7>«*^ KsTfJi, C 
ffi (0 0 0 1) t77^7Sg 1 50 0, GaN^<y7 
711501 (If3 0nm) , niGaN|ny^ 
hi 5 0 2 mm 3 /i m. Si ^JN£*jg£ 1 X 1 0 18 / 
cm 3 ) , niAlo.lGao.9NliIt^7 7Kil 

5 0 3 (I)|2 0nm, S i »|ftl X 1 0 18 /c 
itf m 3 ) , M)tll 5 0 4, piA 1 o. iG a 0 . gNigfKS 

|^7^K1 1 5 0 5 (Hi? 2 Onm, Mg^MMS 

6 X 1 0 l9 /c m 3 ) . p^G aN^y^ hJ§ 1 50 
6 (Rff 2 0 0 n m. M g ^VoMfg 1 X 1 0 20 / c m 

3 ) , mfttiLpmrnmi 507, Ktsi 5 0 8, 

niidl 5 0 9, feJ:05R«;*Rl 5 1 0 *r£A,"C1r* 

[0 0 7 2] ( fcfcL, ^W^^ft^^^-K*^^ 
&^T, ni A 1 o. iG a o. gNSSI*^ 7 y Kl 1 5 
0 3^B&$ttTb ct^o pilil 5 0 7|j:N 

itfcttPd-CiSlJSil, ^7Ktll 5 0 8liAut* 
1&J&£tl. tUniSSl 5 0 9HHf/Au, T i 
/A 1 , Ti/Mo, JfcliHf/AlWiift-CM 

[0073] z<Dnmm<o%ytm\z&\,*xi* > #rmt 

•IlO^ilfJltS i H 4 (S i ^£fc«SS5 x 1 o 
17 /cm 3 ) #8s»l£;h/C^* 0 ^tHb<0#FJf 

^l»SJi<7>s^k»*»#*t3|s^^cov^T^i, h*s«2<d» 

^i:IS]«T*fo5 0 t77^7Sgl 5 0 0^ 

«9 1CG a N*tR*fflV^fc»^f4jt!IS«l4 tRI*W8ll*AS 
^ Hi 4^-rStt4rfflv^»^tt:jtlS«5t 

K-ofcso-c, mi 5 (b) (D<t ?\c%itmi-<vftmM 

\Z p 1 5 0 7 i:n mm® 1 5 0 9 (Dffifi&MfS. L 

Tbct^L, GaNlPliillniiiWLT 

[0 0 7 4]<Cib\ dOHtfiW7tC*Jtt6IB*Sl 5 0 

(oi§&tmmxhz> 0 
so [oo75] mmm s ) mmt s n, mitw*m&x 



(10) 
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ICG a NS«*:fflV^»^^H:llffl«4 i:IPI«W«i*3ftS 

[0 0 7 6] (*1S«9) *JS«9»C*5^Ttt, H£5FJ 

££t?S i <7)ttfr«9iC 1 X 1 O 2O /cm 3 ^)C«0^ 

fco #FJBiB«JBfc*5V*-c*«*S i <n w 

[0077] immm i o ) mmm i o (cjb^tis, m 

»K«i*5J:O t 3--8lc*5it5«3fcJH+«>#FJHtl«SJH 
IC^^£ US i cDRt?«9(r. 1 x l 0 16 /cm 3 OM 

g^aaras^fco cookie. #F@tie^ejciov^-c 
*vmt lts i (oft^o (cm g ^m^^tzm^^hmm 

[0078] (mmm 1 1 ) mmm 1 1 k^tis, h 

mmwmztnto ^m^x^t^nm^ (40 20 

u-iP«SL#^ffiaa*s^ffi:<T. iata* (50m 

[0 0 7 9] HI 6K*3^"C, *3P^Cj;6U--1f^- 

r> i^-if*3ttA*ffi*cja;i:T**B«4-eK«4 
icie^£ft5 0 7*4*? 7 sk^o-cuhe* 

9SriiLT«ltti»l O-ettHi^tL, CftlC J; oTH £{f 

il^ttlS^iC 3 0 mWtl) »9 , W±ma*5mW&& 
X'hho 40 
[0 0 8 0] ^^(CjlSU-if^^^xEWct bt£% 

%<r>E.m& F y 

[0081] (mmm 1 2) hjs#ji 2ic*>^Tte, m 
mm e * 7 ic * sfifk«^w«c« a— K#**as 

i^fcftoZKfe Wfe) lcJ:S*jt^* 
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[0 0 8 2] «^)Mf^/MMv^f ) nT^t 
[0 0 8 3] 

[fP^oMl EJLh<o<fc9lC *«Wic«tlxtf, fi*# 
FJB £ ME S/B t ^$SHii £4xfc£fiS^#Fffiii£ 

^ir%%%m*^tsmtm*^&ftitm^^^x, <p 

4< 1 1 I n *atf£<b»¥»#t?*^S^#FJB*» 

jSLa»ottSJBfc:A s , P, ^feliS b 

2:lcj:«9 x #FJS^ffi»«t«r«J»JLr^<0|g3tlll : f-wfe 

aESrB6JhLT«*:a*S:rpl±**5C^*ST*#5o 

[111 ] *»W^*Jfi«(cJ:6Sfc»*W*^-1f* 

[0 2 ] Xttffllc J: 3 u— tf y ^WSrttW 

<Dm&&*~t-y7yx~&z>a 

[14] H16W(cJ:5|g**-T-4'W3i*/u^<> K* 
[0 5] SIISWJCJ:^***^*^*^*^^ K^f 

[0 7 ] HffiWCJzfc U-ify-f KOG a NA s 
[08] llffiWtCj:^ tfy-T^-- KOG a NA s 

[0 9] K©G a NA s 

Pg^ + co V mjt m IC *3 It 5 S b t *C *5 It ^5 

1 n<oftftm<o^t<nm&*^1r?7yxbz>o 

[010] jaSWJciSU— Wt-K(^)GaNA 
sBi*wvR5n*l:*5lt5A s (^jfi*UJfti:#FH«c:j3 

ItS 1 n(7>*B»|St<7)Sl|^i:(DBB««:^1-^7 7T-*>S„ 
[011] HJSfiSJlC^S U—1^y>f ^— Y<DG a NA 
sWg+wvK5n*Jcio(t5POjSJtaai:#Fffllc*3»t 

[012] H^JtCjiSU— Wt-KWGaNA 
sB8S+^V8l7c*»c*5»t6 S bOSSADgi:#FBlc*5 
it6 I n(0*i»B!<Dfil^^(OB8«Sr^i-^7 7-C*)S 0 

[0 13] LT*fk«*»****rffl^fcu 
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h $ i m * uftg- z * -r « * $r ® m v h z> . 

[1315] (a) tt*«Wl-«t5«*^^- K*iF 
W-««r*-r«*ttftKiiH-C*>9, (b) J* (a) <3 

[hi 6] *%w\c±z&itm*tim^btitzit j ¥m 

1 0 0, 1 50 0 t77^7lg, 101, 1501 

GaN/<5/7rS> 1 0 2, 1 5 0 2 n^GaN 
JEL 103 n^I n 0 .07Ga 0 .93N^7y^Kll:^, 

104 niAl 0 .iGa 0 .9N^77Fi, 105 n 
IG a N*M KB, 1 0 6, 1 5 0 4 3Sft/B. 10 

7 p^A 1 o.2G ao.sNii^H, 108pSGaN* 
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134 KJD, 109 piAlo.iGa 0 .9N^7 7KS, 
1 1 0, 1 5 0 6 piGaN^>^n^, 111, 
1 5 0 9 nSafi, 1 1 2 pS««L 113 Si 
02»iattR. 1 3 0 0 niGaNll 14 00 
mWLs 140 1 «&K, 1 4 0 2 s<y7rm, 14 

0 3 niGaNl, 1 4 0 4, 1 5 1 0 KSttR, 

1 4 0 5 n^GaNiPBl. 1 5 0 3 n^Alo.lG 
a 0 .9NiSKJB#^7y KB, 1 5 0 5 p^Alo.iG 

ao.9NaKJH*^9jy KB, 1 5 0 7 S*ttpli 
J§ N 1 5 0 8 /^Flfe 1A 9y*Sxb747 
», 2 A HP®. 2B f-yT^Wffi, 1 U'-lf* 
i 1 , 2 *try^Ty^3 t — if 4 ££H 
», 5 ££^7-, 6 UvX, 7 r^*?. 8 

9 ^^/y^, 10 attttus: 11 
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